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BLACK-NECKEDSTILT EORAGINGSITE
SELECTIONANDBEHAVIORIN PUERTORICO

Sean A. Cullen'

Abstract. —Black-necked Stilts {Himantopus mexicamis) in Fraternidad Lagoon, Puerto

Rico, foraged in a section of the lagoon that had consistently “deep” water (>9 cm) and

the greatest abundance of prey. As wind speed increased, the foraging stilts changed their

behavior from a pecking to a sweeping tactic due to the reduced visibility in the water

column. Received 26 April 1993, accepted 12 Aug. 1993.

Most studies on the foraging ecology of shorebirds (Order Charadri-

iformes) have focused on coastal and estuarine systems where tides con-

trol the availability of habitat on a daily basis (e.g., papers in Pitelka

1979). Significant associations between the abundance of shorebirds and

the density of their main prey have been found (Bryant 1979). However,

few studies have focused on habitat use by shorebirds in a tropical or

subtropical wintering ground (Robert et al. 1989).

Foraging activity may be affected by environmental factors which in-

fluence the birds’ behavior or prey availability (Puttick 1984). Tide, rain,

substrate permeability, and temperature can affect the foraging behavior

of shorebirds (Evans 1979, Goss-Custard 1970, Myers et al. 1980, Pien-

kowski 1983). Increased wave action caused by wind can reduce avail-

ability of prey in shallow water (Evans 1979).

Little is known about the foraging behavior and ecology of Black-

necked Stilts {Himantopus mexicamis) (Tinarelli 1987, Hamilton 1975).

This study explores the relationship between macroinvertebrates and wa-

ter level to the foraging distribution of the Black-necked Stilt and how
wind speed affects stilt foraging behavior in relation to prey availability.

METHODS

Fraternidad Lagoon (12°30'N, 57°3'W), in the southwest comer of Puerto Rico, is a man-

made salt works system which is subdivided into five main areas: Mangrove Pool, “A”,
“B”, “Box”, and “C” (Fig. 1). There is an increasing salinity gradient from “Mangrove

Pool” to “A” to “B” to “Box” to “C”.

Censuses of Black-necked Stilts in each section were made at least twice a week between

25 September and 14 November 1991. Four people censused the system simultaneously.

Transects were established for macroinvertebrate sampling in “Mangrove Pool”, “A”,
“B”, and “Box” (Fig. 1). Invertebrate samples were collected eight times at approximately

six-day intervals. A sweep net (30 cm X 18 cm, 17 cm deep, 0.5 mmmesh) was used for

' Manomet Bird Obser\atory, P.O. Box 1770, Manomet. Massachusetts 02345, and Dept, of Biology,

Queen’s Univ., Kingston, Canada. K7L 3N6. (Present address: 131 Briarcliffe Cres, Waterloo, Ont., N2L
5T6.)

508



Cullen • BLACK-NECKEDSTILT FORAGING 509

Vegetation Is . .. I

IS Water pathway I Road
!H I

I

Fig. 1 . Map of Fraternidad Lagoon study site.
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sampling invertebrates in the water column. The sweep distance was seven steps (approx,

j

5 m), performed by the same person throughout the study. Along each transect two samples

j

were taken perpendicular to the transect at locations where the water was 6 and 1 2 cm deep.

If the water depth did not reach these levels, the samples were taken as close as possible.

I

I

To quantify invertebrate samples, I averaged the estimates made by three persons after

I washing the sample of the sweep net onto a 0.5 mmscreen (35 cm X 31 cm). A size

j

distribution ratio was determined from at least 15% of the sample. Three size categories

j

were used: small (<2.5 mm), medium (2. 5-3. 5 mm), and large (>3.5 mm). The ratio of

j

large, medium, and small invertebrates was applied to the total for each sweep. All sweeps

t collected in greater than 9 cm of water were characterized as “deep” and less than 7 cm
as “shallow”.

Calibrated wooden stakes were placed throughout the Fraternidad System (Fig. 1). By

1 comparing the mean daily water levels to the sweep net data, 1 was able to determine days

I when there was “deep” water along the transects.

Behavioral observations were made on foraging Black-necked Stilts. Wind speed, loca-

' tion, water depth, and foraging technique were recorded f(K each individual. The water

depth was divided into five categories according to leg length. F'oraging in: 1 —no water (0

cm), 2—water at mid-tarsus (5.3 cm), 3—water at tarsometatarsus (10.6 cm), 4—water at

mid-tibia (14.2 cm), 5—water at belly (18.3 cm). These water depths were assigned using

the mean of leg length measurements of Helmers (1991 ). Two types of foraging techniques

were observed at Fraternidad: pecking and single scythe (Hamilton 1975).

A relationship between wind speed and the percentage of a Hock sweeping for each water

' depth was tested with regression. Analysis of covariance was used to examine the relation-

invertebrate

sampling transect
Water level

stake
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Table 1

Abundance of Size Categories of Waterboatmen in “Deep” (>10 cm) and

“Shallow” (<7 cm) Water, in “A”, “B” and “Box”

Waterboatmen category

Location N

>3.5 mm 2.5-3.S mm <2.5 mm Total

Median SE^ Median SE= Median SE“ Median SE“

A deep 45 291.3 68.7 54.6 23.8 39.1 18.9 432.0 84.5

A shallow 31 15.1 65.2 100.1 94.6 216.7 60.2 370.0 209.4

B deep 11 334.6 180.3 30.0 50.9 50.0 73.7 565.0 197.2

B shallow 36 3.0 63.9 2.0 34.3 36.1 37.9 47.5 159.6

Box deep 5 37.3 62.2 10.8 15.2 21.0 10.9 85.5 80.0

Box shallow 4 2.0 209.2 4.0 9.5 11.0 4.9 18.0 216.7

“ Standard error.

ship between wind speed, water depth, and the percentage of a flock sweeping, where percent

sweeping was the dependent variable, water depth was the classification variable, and wind

speed was the continuous variable and covariate of the model. Due to small sample size, I

was unable to analyze foraging techniques of Black-necked Stilts foraging in water less than

5.4 cm (N = 6). Birds foraging in water deeper than 14.0 cm were grouped together (N =

48). All observations of foraging birds were in “A” except for three in “B”.

RESULTS

Black-necked Stilts were observed foraging in eight of the 21 censuses.

The mean number of birds using “A” was significantly greater than the

number using “B” (Wilcoxon, Z = 2.547, P = 0.0109, N = 8). Over

99% of the Black-necked Stilts observed foraging were in water deeper

than 10 cm. A total of 159 sweep net samples were collected throughout

the system. Waterboatmen (Order Hemiptera, Family Corixidae) were the

only animals caught. Sampling was possible in “C” only once (five wa-

terboatmen captured) since the low water made sampling inappropriate

for the rest of the study period. Eight sweeps in “Mangrove” resulted in

only 1 1 waterboatmen (Table 1). There was a significant difference in the

number of large waterboatmen among “A deep”, “A shallow”, “B
deep”, and “B shallow” categories (Kruskal-Wallis, H = 52.029, P =

0.0001, df = 3). “A deep” and “B deep” had significantly more large

waterboatmen than “A shallow” and “B shallow” (Table 2). Total num-

ber of waterboatmen differed significantly among “A deep”, “A shal-

low”, “B deep”, and “B shallow” (Kruskal-Wallis, H = 52.029, P =

0.0001, df = 3). “A deep” and “A shallow” had significantly more

waterboatmen than “B shallow” (Table 2). In “B” west, “deep” water

was available 58% of the days (N = 36). In “B” east, 36% of the days
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Table 2

Results of Mann-Whitney U Tests Comparing the Abundance of Waterboatmen in

“A Deep”, “A Shallow”, ”B Deep”, and ”B Shallow”'*

Locations compared

Waterboatmen category

Total>3.5 mm 2.5-3.S mm <2.5 mm

Z p Z p Z p Z p

A deep vs A shallow 4.79 .0005 1.75 .0793 4.26 .0006 1.00 .317

A deep vs B deep 0.19 .8447 0.11 .9097 0.68 .4961 0.27 .7849

A deep vs B shallow 6.19 .0006 4.71 .0006 0.47 .638 5.34 .0006

A shallow vs B deep 2.93 .012 0.88 .375 2.96 .0124 0.69 .4865

A shallow vs B shallow 2.87 .008 3.28 .003 3.97 .0005 4.08 .0005

B deep vs B shallow 3.87 .0004 3.31 .0045 0.36 .7154 2.94 .0132

The total number (all size categories combined) of Waterboatmen is also compared between pools. Sequential Bonferroni

corrected for table-wide significance (Rice 1989).

(N = 39) had “deep” water. “Deep” water was available every day in

“A” (N = 40).

As wind speed increased, the arcsine-transformed percentage of flock

members sweeping increased when foraging at a mean water depth of

10.6 cm (Model 1 regression, = 0.453, P = 0.0001, N = 48) and at a

Wind Speed (km h ’^)

I ifi. 2. Regression plot of the arcsine-transloi nieci percentages of stilt Hocks sweeping

in relation to the wind speed while foraging at mean water depths of Ih.l cm (N .^7) and

10.6 cm (N = 4S).
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mean water depth of 16.1 cm (Model 1 regression, = 0.14, P = 0.0227,

N = 37) (Fig. 2).

DISCUSSION

Waterboatmen, the only invertebrate found in 159 sweeps of the water

column, feed on algae and other organic matter (Essig 1942). Black-

necked Stilts peck at waterboatmen which come to the surface for air.

Visually foraging Black-necked Stilt may focus on areas with the greatest

abundance of larger waterboatmen to maximize food intake per catch and

perhaps because larger waterboatmen are easier to see.

In sweeping. Black-necked Stilts rely on tactile cues to capture prey

(Hamilton 1975). Sweeping Black-necked Stilts could optimize capture

of food by foraging in areas with greatest prey abundance and larger prey

size (Baker and Baker 1973).

Black-necked Stilts foraged primarily in “A deep” and only rarely

elsewhere. They highly favored water deeper than 10 cm. “A deep” is

the preferred habitat for stilts in Fraternidad Lagoon. All of the sections

beside “A” and ”B” had low numbers of prey and were not used as

foraging sites (Table 1). “A deep” and ”B deep” had a greater average

number of large (>3.5 cm) waterboatmen than “A shallow” and ”B
shallow”. “A deep”, ”B deep”, and “A shallow” had the greatest prey

abundance. Even though “A shallow” had similar abundance of prey as

“A deep” and ”B deep”, the prey were smaller. Black-necked Stilts

appear to prefer the larger prey and greater prey abundance found in deep

water. However, stilts foraged in “A deep” significantly more than in

”B deep”.

Deep water (>9 cm) was available every day in “A” but only 36%
and 50% of the days in ”B” west end and east end, respectively. Black-

necked Stilts would have found deep water in “A” at all times (i.e.,

abundant large waterboatmen) whereas ”B” would typically have shal-

low water (i.e., few waterboatmen of any size). By foraging in “A deep”,

stilts were in a location that favored both visual and tactile techniques.

As wind speed increases, a Black-necked Stilt is more likely to sweep

instead of peck (Fig. 2). Wind causes waves on the surface of the water.

Waves reflect and diffract the sunlight and reduce vision through the

water column, making it difficult to locate waterboatmen coming for air

(pers. obs.), and causing stilts to switch to tactile feeding.

Attempts were made to determine success rates of pecking and sweep-

ing Black-necked Stilts. Although success rates supposedly can be deter-

mined for Black-necked Stilts by counting a jerky swallowing motion

following a peck as a success (Tinarelli 1987), I observed birds which

had obviously captured a waterboatman but which did not perform Jerking
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behavior. Their ability to store prey in their bill and/or swallow without

a jerking motion made comparisons of the two techniques inappropriate.
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